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Introduction
Adult individuals are considered to be colonized by more than 100 trillion microorganisms. Most of these microorganisms colonize the gastrointestinal tract, with more than 400 species of non-pathogenic enterobacteria performing fundamental functions for maintenance of the health status 1 . This includes protection against epithelial cell diseases, food digestion, interference with endogenous and exogenous components, immunological potential, and prevention of colonization of the gastrointestinal tract by pathogens 2, 3 .
Intestinal insufficiency, which occurs after extensive resections of the small bowel, with a remaining bowel of less than 200 cm courses with malabsorption and energy-protein malnutrition 4 is known as short bowel syndrome (SBS). The survival of patients with SBS depends on parenteral nutrition therapy 5 . However, infectious complications are not unusual and represent the second cause of death among these individuals 6 .
These infections mainly involve the catheters used for parenteral nutrition infusion. They are possibly related to the translocation of intestinal bacteria, since microorganisms that commonly colonize the gastrointestinal tract such as Enterococcus and Escherichia coli have been detected in 13% and 4% of infected catheters, respectively 7 . Studies have also pointed out that bacterial translocation may be a probable route for the occurrence of sepsis/ septic shock [8] [9] [10] .
The elimination of colonization sites by resection, the frequent use of antibiotics due to recurrent infections, the presence of undigested food in the remaining bowel, and the accelerated intestinal transit may lead to changes in the intestinal microbiota 11 .
On this basis, the objective of the present investigation was to characterize the intestinal microbiota of adult patients with SBS undergoing cyclic parenteral nutrition and to compare it with the microbiota of healthy controls.
Methods
This cross-sectional study was conducted from March 
Study design
The experimental design consisted of recruiting controls on a single occasion and recruiting patients at two moments, with an interval of one hospitalization between times. Nutritional status analysis and fecal samples collection for microbiota analysis were performed at each time point.
Nutritional status evaluation
Food consumption was assessed using the methodology described by Pereira et al. 12 The results were used in this investigation were those that were the closest to the collection of the patient's fecal sample, with a maximum interval of 3 months.
Determination of the intestinal microbiota -Isolation and identification of the intestinal bacteria by aerobic culture
A fecal sample was employed for analysis of the intestinal microbiota. Two samples were collected from each patient, with one hospitalization interval between them. If any unexpected event occurred during the hospitalization in question, the sample was discarded or not collected, with collection being postponed to the next hospitalization. The individuals were informed about the method of sterile collection 16 and the need to evacuate directly into the plastic collector provided for them. They also received a pair of rubber gloves and a sterile collecting spatula. After collection, the material was placed in an isothermal box chilled with ice and immediately transported to the laboratory for microbiota analysis.
The process started with the macroscopic observation of the collected feces, which involved analysis of characteristics such as color, texture, and the presence of mucus, blood, and food remains. The isolated strains were first subjected to differential
Gram staining. Gram-positive strains were assessed by the catalase, coagulase, and oxidase tests. Gram-negative strains were evaluated in terms of some metabolic activities using indicators contained in Rugai medium and Simmons citrate medium, and were tested for motility on semisolid agar at 37°C and by the oxidase reaction.
A quantitative method for bacterial count based on plating on solid medium was also employed. To this end, feces (1 g) were diluted in 10 mL filtered phosphate buffer solution (PBS), which was then submitted to serial dilutions ranging from 10 2 to 10 9 mg feces/mL PBS. Then, 100 µL of these dilutions were plated onto MacConkey agar, Mueller-Hinton blood agar, SalmonellaShigella (SS), mannitol, and bile-esculin. After 24 hours of incubation at 37ºC, colony forming units (CFU) were counted, and the presence or absence of positivity was determined in the Agar media used for the specific tests. Thus, considering the dilution, the number of viable bacteria per mL of the original suspension was calculated.
-Determination of the intestinal microbiota by genomic fecal DNA sequencing
Two methods of genomic DNA extraction were used.
One of them was based on the method of Ley et al. White colonies were submitted to plasmid DNA extraction.
A specific volume (1.5 mL) of the culture of the selected drugs in LB medium was employed for plasmid DNA extraction (Miniprep) by the alkaline lysis method 18 . The extracted DNA was quantitated and sequenced, and chromatograms were recorded and submitted to analysis of similarity using the BLAST 19 and
Ribosomal Database Project 20 software.
Statistical analysis
An exploratory analysis of the data was performed by The level of significance was set at 5%.
Results
The average age of the subjects belonging to the Patient and Control groups were 58 years (SD 12) and 56 (SD According to the anthropometric evaluation, the Patient group was classified as having protein-energy undernutrition, whilst the Control group was classified as eutrophic. Anthropometric data, energy intake, and total bacterial count for patients and controls are listed in Table 1 . We also observed that the family enterobacteriaceae,
represented here by isolates of Gram-negative bacteria, corresponded to about 64% of the total variety of isolated bacterial types. Among these, the genus that was most frequently detected both in both the Control and Patient groups was Escherichia coli, which was present in all the control samples and in all but one patient sample.
We investigated two genes related to enteropathogenic E.
Coli virulence by using the strain E2348/69, namely genes eae and bfp. We also examined the gene ipaH, related to enteroinvasive E.coli, by using the strain MA245/5. Figures 2 and 3 illustrate the agarose gel electrophoresis. The first visualized column represents the θ-hae marker; the following column corresponds to amplification of the tested gene. We also noted that the absence of the ileocecal valve did not influence the intestinal bacterial variety of the patients.
The diversity of both the Gram-negative and Gram-positive intestinal bacteria of patients who took proton pump inhibitors was similar to that of the patients who did not use this medication.
The two analysis methods also evidenced the prevalence of the genus Lactobacillus, followed by non-cultivable microorganisms (bacteria and lactobacilli).
Discussion
Microbiological analysis of the feces revealed a higher prevalence of the family enterobacteriaceae in patients with SBS. This is classified as the most important bacterial family because it contains a wide variety of pathogenic species responsible for virtually all hospital and intestinal infections. In about 90% of human infection samples, the causative agent of this condition belongs to this bacterial family, which includes about 30 genera and more than 100 species of facultative anaerobic microorganisms that can be easily cultured in the laboratory 1, 23 . It has been determined that this family may be present in the normal intestinal microbiota without harming the host. An explanation for this fact is that healthy individuals have a competent immune system and an intact intestinal barrier, which prevents the passage of these microorgansims from the intestine to other parts of the body. In addition, the intestine counts on a rigid control of the equilibrium of its microbiota 1, 24, 25 .
The greater diversity of bacteria of the family enterobacteriaceae in patients with SBS is a matter of concern when it is associated with the chronic clinical undernutrition
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Analysis of the influence of the ileocecal valve on the intestinal microbiota of the patients revealed that the present case the diversity of intestinal bacteria was similar, regardless of the existence of the valve. This observation is possibly due to the small sample size. However, the ileocecal valve is known to have a marked influence on microbiological control, preventing excessive bacterial growth in the proximal small bowel 8, 26, 29 .
Stomach acidity is also a determining factor in the pathogens, among others [1] [2] [3] . Therefore, it is necessary to maintain this genus in the intestinal microbiota, and it is mandatory that the ratio of these microorganisms be kept constant in this medium.
There is a need for continued research in this field, in order to characterize the real intestinal microbiota of patients with SBS, thereby paving the way for new treatments capable of ameliorating symptoms, recovering the nutritional status, and improving survival.
Conclusions
Our findings suggest that despite the massive removal of the small bowel, frequent use of antibiotics, imune system depression, presence of non-digested food in the gastrointestinal tract, and accelerated intestinal transit, the ratio between intestinal bacterial species remain close to normal values. However, patients with short bowel syndrome have a higher diversity of Gramnegative strains belonging to the family Enterobacteriaceae, the most important bacterial family regarding pathogenicity.
